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(54) Electric motor 

(57) An electrical motor includes a cylindrical mag- 
net (1) divided into n regions circularly around at least 
an outer circumference thereof that are magnetized in 
alternate polarities. The motor also includes first and 
second coils (2) arranged in an axial direction of the 
magnet. The magnet is interposed between the first and 
second coils. The motor further includes first and sec- 
ond external portions excitable by current flowing 
through the first and second coils, respectively, so that 
these portions become first and second external mag- 
netic poles, respectively. The first (18a, 18b) and second 
(19a, 19b) external portions face the outer circumfer- 
ence of the magnet at one side and the other side 



thereof, respectively. The area of the first and second 
external portions facing the outer circumference of the 
first and second coils, respectively, is equal to or smaller 
than three-quarters of the area of the outer circumfer- 
ence of the first and second coils, respectively The 
motor also includes first and second internal portions 
excitable by current flowing through the first and second 
coils, respectively, to cause these portions to become 
first and second internal magnetic poles 
(18c,18d,19c,19d), respectively. The first and second 
internal portions face the internal circumference of the 
magnet on the one and the other sides of the magnet, 
respectively. 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a miniature electric 
motor in which the area of a stator is defined in relation 
to a coil. 

Description of the Related Art 

FIG. 13 shows a cylindrical stepping motor that is 
currently available as a miniature motor. Stator coils 1 05 
are coaxially wound around respective bobbins 101, 
and the bobbins 101 are clamped in the direction of the 
axis of the motor by two stator yokes 106. The stator 
yokes 106 have respectively stator teeth 106a and sta- 
tor teeth 106b arranged alternately circularly around the 
inner circumferences of the bobbins 101. The stator 
yokes 106 integrally formed with the stator teeth 106a 
and 106b are fixed to a pair of cases 103, constructing 
a stator 102. 

One of the pair of cases 103 supports a flange 115 
and one bearing 108, and the other of the pair of cases 
103 supports the other bearing 108. A rotor 109 
includes a rotor magnet 111 fixed on a rotor shaft 110, 
and there is a radial air gap between the rotor magnet 
111 and the stator yoke 106a of the stator 102. The 
rotor shaft 110 is rotatably supported by two bearings 
108. The miniature stepping motor thus constructed for 
driving a camera lens is disclosed in Japanese Patent 
Laid-Open No. 3-180823. 

Since the above conventional miniature stepping 
motor includes the cases 103, bobbins 101, stator coils 
105, stator yokes 106 and the like coaxially arranged 
surrounding the rotor, the size of the motor becomes 
large. The magnetic flux generated with the stator coils 
105 conducting currents chiefly passes the end face 
106a1 of the stator tooth 106a and the end face 106b1 
of the stator tooth 106b, as shown in Fig. 14. The mag- 
netic flux are thus unable to efficiently act on the rotor 
magnet 111, failing to result in a high motor output 
power. 

U.S. Patent Application No. 08^31,863 (CFO 
12034US) (corresponding to European Patent Applica- 
tion No. 97105567.8) which is assigned to the assignee 
of the present invention discloses a technique that 
resolves this problem. 

The motor proposed in the above applications 
includes a cylindrical rotor composed of a permanent 
magnet that is magnetized in alternate polarities equally 
and circularly spaced around, a first coil, a rotor and a 
second coil in the direction of the rotor. A first external 
magnetic pole and a first internal magnetic pole, both 
excited by the first coil, are arranged to face the outer 
circumference and the inner circumference of the rotor, 
respectively, and a second external magnetic pole and a 
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second internal magnetic pole, both excited by the sec- 
ond coil, are arranged to face respectively the outer cir- 
cumference and the inner circumference of the rotor. A 
rotating shaft is projected out of the cylindrical perma- 

5 nent magnet. 

Such a motor has reduced external dimensions and 
provides high output power. However, the small radial 
dimension of the internal magnetic poles presents diffi- 
culty machining toothed poles. Furthermore, a need 

10 exists for a motor of a small radial dimension that pro- 
vides a reliable output with a small runout. 

U.S. Patent Application No. 08/994,994, (CFO 
12486 US) (corresponding to European Patent Applica- 
tion No. 97122508.1) which is assigned to the assignee 

is of the present invention discloses a motor having an 
internal magnetic pole which is easy to machine. Fur- 
thermore, U.S. Patent Application No. 09/22474 
(CF012555US) (no European Patent Application 
Number corresponding to it is yet available) which is 

20 assigned to the assignee of the present invention dis- 
closes a motor having a rotor which provides a reliable 
output with a small runout and in which transmission 
means, such as a gear and a pulley, is easily mounted 
to a rotating shaft of a small radial dimension. 

25 There is a need tor a miniature and high-perform- 
ance motor that takes advantage of a relationship 
between a coil and a stator. 

SUMMARY OF THE INVENTION 

30 

Accordingly, it is an object of the present invention 
to devise a stator that contributes to the design of a min- 
iature and high-performance motor. 

It is yet another object of the present invention to 

35 determine the area of an external magnetic pole based 
on the outer circumference area of a coil. 

According to one aspect, the present invention 
which achieves these objectives relates to an electric 
motor comprising a cylindrical magnet, first and second 

40 coils, first and second external portions, and first and 
second internal portions. The cylindrical magnet is 
divided into n regions circularly around at least an outer 
circumference of the magnet that are magnetized in 
alternate polarities. The first coil and the second coil are 

45 arranged in the axial direction of the magnet and the 
magnet is interposed between the first coil and the sec- 
ond coil. The first external portion is excitable by current 
flowing through the first coil to become a first external 
magnetic pole. The first external portion faces the outer 

so circumference of the magnet at one side of the magnet. 
The area of the first external portion facing the outer cir- 
cumference of the first coil is equal to or smaller than 
three-fourths of the area of the outer circumferential sur- 
face of the first coil. The first internal portion is excitable 

55 by current f towing through the first coil to become a first 
internal magnetic pole. The first internal portion faces 
the inner circumference of the magnet at the one side of 
the magnet. The second external portion is excitable by 
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current flowing through the second coil to become a 
second external magnetic pole. The second external 
portion faces the outer circumference of the magnet at 
the other side of the magnet. The area of the second 
external portion facing the outer circumference of the 
second coil is equal to or smaller than three-fourths of 
the area of the outer circumferential surface of the sec- 
ond coil. The second internal portion is excitable by cur- 
rent flowing through the second coil to become a 
second internal magnetic pole. The second internal por- 
tion faces the inner circumference of the magnet at the 
other side of the magnet. 

The motor can further comprise a rotating shaft rig- 
idly connected to the magnet. In this case the magnet 
and the rotating shaft together comprise a rotor. In addi- 
tion, the rotating shaft is made of a magnetically soft 
material. Also, the widths of the first external portion 
and the second external portion widen as the first exter- 
nal portion and the second external portion run toward 
base portions thereof. The first external portion and the 
first internal portion together comprise a first stator, and 
the second external portion and the second internal por- 
tion together comprise a second stator. In addition, the 
motor further comprises a cylindrical linking member 
connecting the first external portion to the second exter- 
nal portion. The magnet is divided into n regions circu- 
larly around an inner circumference thereof that are 
magnetized in alternate polarities. Each region on the 
inner circumference is magnetized in a polarity opposite 
to the polarity of the corresponding region on the outer 
circumference of the magnet. 

According to another aspect, the present invention 
which achieve these objects relates to an electric motor 
comprising a cylindrical magnet, first and second coils, 
first and second external portions, first and second 
external base portions, first and second internal por- 
tions, and first and second junction portions. The cylin- 
drical magnet is divided into n regions circularly around 
at least an outer circumference of the magnet that are 
magnetized in alternate polarities. The first coil and the 
second coil are arranged in the axial direction of the 
magnet and the magnet is interposed between the first 
coil and the second coil. The first external portion com- 
prises a first external end portion excitable by a current 
flowing through the first coil to become a first external 
magnetic pole. The first external magnetic pole faces 
the outer circumference of the magnet at one side 
thereof. The first external base portion is a base portion 
of the first end portion. The first internal portion com- 
prises a first internal end portion excitable by a current 
flowing through the first coil to become a first internal 
magnetic pole. The first internal magnetic pole faces the 
inner circumference of the magnet at the one side of the 
magnet. The first junction portion joins the first external 
and internal portions. The second external portion com- 
prises a second external end portion excitable by a cur- 
rent flowing through the second coil to become a 
second external magnetic pole. The second external 



magnetic pole faces the outer circumference of the 
magnet at the other side of the magnet. The second 
external base portion is a base portion of the second 
end portion. The second internal portion comprises a 

s second internal end portion excitable by a current flow- 
ing through the second coil to become a second internal 
magnetic pole. The second internal magnetic pole feces 
the inner circumference of the magnet at the other side 
of the magnet. The second junction portion joins the 

10 second external and internal portions. The first external 
base portion is positioned between the center of the first 
coil and the first junction portion opposite to the magnet 
in the axial direction of the magnet. The second external 
base portion is positioned between the center of the 

is second coil and the second junction portion opposite to 
the magnet in the axial direction of the magnet. 

According to another aspect, the invention which 
achieves these objectives relates to an electric motor 
comprising a cylindrical magnet, first and second coils, 

20 first and second external portions, first and second 
external base portions, and first and second internal 
portions. The cylindrical magnet is divided into n 
regions circularly around at least an outer circumfer- 
ence of the magnet that are magnetized in alternate 

25 polarities. The first coil and the second coil are arranged 
in the axial direction of the magnet and the magnet is 
interposed between the first coil and the second coil. 
The first external portion comprises a first external end 
portion excitable by a current flowing through the first 

30 coil to become a first external magnetic pole. The first 
external magnetic pole feces the outer circumference of 
the magnet at one side of the magnet. The first external 
base portion is a base portion of the first end portion. 
The first internal portion comprises a first internal end 

35 portion excitable by a current flowing through the first 
coil to become a first internal magnetic pole. The first 
internal magnetic pole faces the inner circumference of 
the magnet at the one side of the magnet The second 
external portion comprises a second external end por- 

40 tion excitable by a current flowing through the second 
coil to become a second external magnetic pole. The 
second external magnetic pole feces the outer circum- 
ference of the magnet at the other side of the magnet. 
The second external base portion is a base portion of 

45 the second end portion. The second internal portion 
comprises a second internal end portion excitable by a 
current flowing through the second coil to become a 
second internal magnetic pole. The second internal 
magnetic pole feces the inner circumference of the 

so magnet at the other side of the magnet. The first exter- 
nal base portion is positioned between the center of the 
first coil and the end of the first coil opposite to the mag- 
net in the axial direction of the magnet. The second 
external base portion is positioned between the center 

as of the second coil and the end of the second coil oppo- 
site to the magnet in the axial direction of the magnet. 

According to still another aspect, the invention 
which achieves these objectives relates to an electric 
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motor comprising a cylindrical magnet, first and second 
coils, first and second external portions, and first and 
second internal portions. The cylindrical magnet is 
divided into n regions circularly around at least an outer 
circumference of the magnet that are magnetized in 5 
alternate polarities. The first coil and the second coil are 
arranged in the axial direction of the magnet. The mag- 
net is interposed between the first coil and the second 
coil. The first external portion is excitable by a current 
flowing through the first coil to become a first external 10 
magnetic pole. The first external portion faces the outer 
circumference of the magnet at one side of the magnet. 
The area of the first external portion facing the outer cir- 
cumference of the first coil is equal to or smaller than 
three-fourths of the area of the outer circumferential sur- 16 
face of the first coil. The first internal portion is excitable 
by a current flowing through the first coif to become a 
first internal magnetic pole. The first internal portion 
faces the inner circumference of the magnet at the one 
side of the magnet. The first external and internal por- 20 
tions together comprise a first stator. The second exter- 
nal portion is excitable by a current flowing through the 
second coil to become a second external magnetic 
pole. The second external portion faces the outer cir- 
cumference of the magnet at the other side of the mag- 2 s 
net. The area of the second external portion facing the 
outer circumference of the second coil is equal to or 
smaller than three-fourths of the area of the outer cir- 
cumferential surface of the second coil. The second 
internal portion is excitable by a current flowing through 30 
the second coil to become a second internal magnetic 
pole. The second internal portion faces the inner cir- 
cumference of the magnet at the other side of the mag- 
net. The second internal and external portions together 
comprise a second stator. 35 

The first stator is integrally formed of the first exter- 
nal portion and the first internal portion, and the second 
stator is integrally formed of the second external portion 
and the second internal portion. In addition, the motor 
can further comprise a rotating shaft rigidly connected 40 
to the magnet. In this case, the magnet and the rotating 
shaft together comprise a rotor, and the rotating shaft is 
made of a magnetically soft material. Also, the widths of 
the first external portion and the second external portion 
widen as the first external portion and the second exter- 45 
nal portion run toward the base portions thereof. 

Other objects of the present invention will be appar- 
ent from the description of the following embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 50 

FIG. 1 is an exploded, perspective view showing a 
motor of a first embodiment of the present inven- 
tion; 

FIG. 2 is an enlarged, perspective view of the stator 55 
of the motor shown in FIG. 1 ; 
FIG. 3 is a sectional view showing the motor of FIG. 
1 when it is being assembled; 
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FIGs. 4A - 4H show the rotation operation of the 
rotor of the motor of FIG. 3; 
FIG. 5 is an enlarged, perspective view of one sta- 
tor of the motor of FIG. 1 ; 
FIG. 6 shows the distribution of the magnetic field of 
the motor in a plane C of the stator shown in FIG. 5; 
FIG. 7 shows the distribution of the magnetic field of 
the motor in a plane D of the stator shown in FIG. 5; 
FIG. 8 shows the distribution of the magnetic field in 
the other stator of the motor shown in FIG. 1 ; 
FIG. 9 shows the shape of the stator of the motor 
shown in FIG. 1 ; 

FIG. 10 shows the relationship between the shape 
of the stator and torque in the motor shown in FIG. 
1; 

FIG. 1 1 shows the relationship between the number 
of revolutions and torque of the rotor when an exter- 
nal cylinder end portion is positioned at positions 8a 
and 8c in FIG. 9; 

FIG. 12 is a perspective view showing the shape of 
the stator shown hi FIG. 1 of a second embodiment 
of the present invention; 

FIG. 13 is a cross-sectional view of a conventional 
stepping motor; and 

FIG. 1 4 shows the magnetic flux of the conventional 
stepping motor of FIG. 13. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to the drawings, the present invention is 
now discussed. 

FIG. 1 through FIG. 4 show a stepping motor of a 
first embodiment of the present invention. FIG. 1 is an 
exploded, perspective view showing the stepping motor, 
FIG. 2 is an enlarged view of the mutually facing stators 
of the motor, FIG. 3 is a sectional view showing the 
motor when it is assembled, and FIGS. 4A-4H are 
cross-sectional views of the motor taken along lines A- 
A and B-B. 

Referring to FIGS. 1 through 4H, a cylindrical mag- 
net 1 constituting a rotor is divided by n (4 in this embod- 
iment) circularly around its outer circumference and 
magnetized in alternate polarities of S and N poles to 
form magnetized regions 1a, 1b, 1c and 1d. Magnetized 
regions 1a and 1c are S poles, while magnetized 
regions 1b and id are N poles. The inner drcumterence 
of the magnet 1 is magnetized in opposite polarity to its 
opposed outer circumference. Thus, for example, the 
inner circumferences of the magnetized regions 1a and 
1c are N poles while the inner circumferences of the 
magnetized regions 1b and 1d are S poles. An output 
shaft 7 is a rotor shaft. The output shaft 7 is rigidly con- 
nected to the magnet 1 . The output shaft 7 and magnet 
1 constitute the rotor. Cylindrical coils 2 and 3 are col- 
linear with the magnet 1 , and keep the magnet 1 there- 
between in the direction of its axis. The coils 2 and 3 
have an outer diameter approximately equal to that of 
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the magnet 1 . 

A first stator 1 8 and a second stator 1 9 are made of 
a magnetically soft material. The first stator 18 and sec- 
ond stator 19 are arranged with a difference of 180°/h, 
namely 45° introduced therebetween in this embodi- s 
merit. Each of the first stator 18 and second stator 19 is 
constructed of an internal cylinder and an external cylin- 
der. The coil 2 is arranged between the internal cylinder 
and external cylinder of the first stator 18. With a current 
flowing through the coil 2, the first stator 18 is excited. 

FIG. 2 is an enlarged perspective view of the first 
stator 18 and second stator 19. The first stator 18 has 
on the ends of its external cylinder and internal cylinder, 
external magnetic poles 18a and 18b and internal mag- 
netic poles 18c and 18d, respectively. The internal mag- 
netic poles 18c and 18d are shifted 360°/(n/2) off, 
namely 180° off from each other so that the internal 
magnetic poles 18c and 18d are in phase. The internal 
magnetic pole 1 8c faces the external magnetic pole 1 8a 
while the internal magnetic pole 18d faces the external 
magnetic pole 18b. The cylinder portions of the external 
cylinder and internal cylinder of the first stator are 
referred to as an external cylinder portion 18f and an 
internal cylinder portion 18g, respectively the end por- 
tions of the external cylinder portion 18f close to the 
magnet 1 are referred to as an external cylinder end 
portion 18h, and the portion connecting the internal cyl- 
inder portion 18g to the external cylinder portion 18f is 
referred to as a junction portion 18j of the internal and 
external cylinder portions. Portion 18h can be consid- 
ered a base portion of external magnetic poles 18a and 
18b. 

Referring to FIG. 1 , the first stator 18 is assembled 
such that the external magnetic poles 18a and 18b face 
the outer circumference of the magnet 1 and the internal 
magnetic poles 18c and 18d face the inner circumfer- 
ence of the magnet 1 in such a manner that one side of 
the magnet 1 is interposed between the external mag- 
netic poles 18a and 18b and the internal magnetic poles 
18c and 18d. One end of the output shaft 7 is put into 
rotatable engagement within a hole 18e of the first sta- 
tor 18. 

The coil 3 is arranged between the internal cylinder 
and external cylinder of the second stator 19. With a 
current flowing through the coil 3, the second stator 19 
is excited. As shown in FIG. 2, the second stator 19 has 
on the ends of its external cylinder and internal cylinder, 
external magnetic poles 19a and 19b and internal mag- 
netic poles 19c and 19d, respectively. The internal mag- 
netic poles 19c and 19d are shifted 360°/(n/2) off, 
namely 180° off from each other so that the internal 
magnetic poles 19c and 19d are in phase. The internal 
magnetic pole 1 9c faces the external magnetic pole 1 9a 
while the internal magnetic pole 19d feces the external 
magnetic pole 1 9b. The cylinder portions of the external 
cylinder and internal cylinder of the second stator are 
referred to as an external cylinder portion 19f and an 
internal cylinder portion 19g, respectively, the end por- 
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tions of the external cylinder 19f close to the magnet 1 
are referred to as an external cylinder end portion 19h, 
and the portion connecting the internal cylinder portion 
19g to the external cylinder portion 18f is referred to as 
a junction portion 19j of the internal and external cylin- 
der portions. Portion 19h can be considered a base por- 
tion of external magnetic poles 19a and 19b. 

Referring to FIG. 1 , the second stator 19 is assem- 
bled such that the external magnetic poles 19a and 1 9b 
face the outer circumference of the magnet 1 and the 
internal magnetic poles 19c and 19d face the inner cir- 
cumference of the magnet 1 in such a manner that one 
end of the magnet 1 is interposed between the external 
magnetic poles 19a and 19b and the internal magnetic 
poles 19c and 19d. The other end of the output shaft 7 
is put into rotatable engagement within a hole 19e of the 
second stator 19. With this arrangement, the magnetic 
flux generated by the coil 2 crosses the magnet 1 as the 
rotor interposed between the external magnetic poles 
18a and 18b and the internal magnetic poles 18c and 
18d, and efficiently acts on the magnet 1 and the mag- 
netic flux generated by the coil 3 crosses the magnet 1 
interposed between the external magnetic poles 19a 
and 19b and the internal magnetic poles 19c and 19d, 
and efficiently acts on the magnet 1 as the rotor. The 
output power of the motor is thus increased. 

A linking ring 20, in the shape of a cylindrical mem- 
ber and constructed of a non-magnetic material, has, on 
one end portion of its inner circumference, slots 20a and 
20b, and on the other end portion of its inner circumfer- 
ence, slots 20c and 20d positioned 45° off, respectively, 
from the slots 20a and 20b. The external magnetic 
poles 18a and 18b of the first stator 18 are engaged with 
the slots 20a and 20b, respectively, and the external 
magnetic poles 1 9a and 1 9b of the second stator 1 9 are 
engaged with the slots 20c and 20d, respectively. An 
adhesive is applied to the engaged areas between the 
linking ring 20 and the first and second stators 19 and 
20 to assemble them. The first stator 18 and second 
stator 19 are arranged within the linking ring 20 so that 
the external magnetic poles 18a and 18b face the exter- 
nal magnetic poles 19a and 19b, respectively, with pro- 
jected areas 20e and 20f in the inner circumference of 
the linking ring 20 allowing a predetermined spacing 
therebetween, while the internal magnetic poles 18c 
and 18d face the internal magnetic poles 19c and 19d 
with a predetermined spacing therebetween. 

FIG. 3 is a sectional view of the stepping motor, 
FIGS. 4A through 4D are cross-sectional views taken 
along a line A-A in FIG. 3, and FIGS. 4E through 4H are 
cross-sectional views taken along a line B-B in FIG. 3. 
FIGS. 4A and 4E show one state of the motor at the 
same moment of operation, FIGS. 4B and 4F show yet 
another state of the motor at the same moment, FIGS. 
4C and 4G show yet another state of the motor at the 
same moment, and FIGS. 4D and 4H show yet another 
state of the motor at the same moment. 

The operation of the stepping motor of the present 
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invention is now discussed. At the state shown in FIGS. 
4A and 4E, with currents flowing through the coils 2 and 
3, the external magnetic poles 18a and 18b of the first 
stator 18 are magnetized to be N poles, and the internal 
magnetic poles 18c and 18d are magnetized to be S s 
poles, the external magnetic poles 19a and 19b of the 
second stator 19 are magnetized to be S poles and the 
internal magnetic poles 19c and 19d are magnetized to 
be N poles. The magnet 1 of the rotor rotates counter- 
clockwise by 45° to the state shown in FIGS. 4B and 4R 10 

With the current flowing through the coil 2 reversed, 
the external magnetic poles 1 8a and 1 8b of the first sta- 
tor 18 are magnetized to be S poles, and the internal 
magnetic poles 18c and 18d are magnetized to be N 
poles, the external magnetic poles 19a and 19b of the is 
second stator 19 are magnetized to be S poles and the 
internal magnetic poles 19c and 19d are magnetized to 
be IM poles. The magnet 1 of the rotor rotates further 
counterclockwise by 45° to the state shown in FIGS. 4C 
and 4G. 20 

With the current flowing through the coil 3 reversed, 
the external magnetic poles 19a and 19b of the second 
stator 19 are magnetized to be N poles, the internal 
magnetic poles 19c and 19d are magnetized to he S 
poles, the external magnetic poles 18a and 18b of the 25 
first stator 18 are magnetized to be S poles, and the 
internal magnetic poles 18c and 18d are magnetized to 
be N poles. The magnet 1 of the rotor rotates further 
counterclockwise by 45° to the state shown in FIGS. 4D 
and 4H. The direction of current conduction to the coils 30 
2 and 3 is thus alternated, and the magnet 1 of the rotor 
rotates to the position in accordance with the phase of 
the currents conducted. 

In the motor thus constructed, the output shaft 7 is 
preferably made of a magnetically soft material to obtain 35 
a large torque. To satisfy torque and robustness require- 
ments at the same time, the external cylinder end por- 
tions 18h are preferably placed to the side of the 
junction portion 18j of the internal and external cylinder 
portions with respect to the center of the coil in the 40 
direction of the rotor shaft. The external cylinder end 
portions 19h of the second stator 19 are preferably 
placed to the side of the internal and external cylinder 
junction portion 19j of the internal and external cylinder 
portions with respect to the center of the coil. A further 4s 
description on this arrangement is will provided referring 
to FIGS. 5 through 1 1 . 

FIGS. 5 through 8 show the distribution of the mag- 
netic field of the second stator 19 in sectional and per- 
spective views. FIG. 5 is the perspective view of the so 
second stator 19 showing where sectional views in 
FIGS. 6 and 7 are taken. FIG. 6 is the sectional view 
taken along a plane C in which the central axis of the 
rotor, and the longitudinal center lines of the external 
magnetic poles 19a and 19b and of the internal mag- 55 
netjc poles 19c and 19d of the second stator 19 lie. FIG. 
7 is the sectional view taken along a plane D which is 
angularly apart about the central axis of the rotor by 80° 



from the plane C. Since the distribution of the magnetic 
field is symmetrical with respect to the central axis of the 
rotor in both planes, the distribution of the magnetic field 
on one side of the rotor only with respect to its central 
axis is shown. FIG. 8 shows the distribution of the mag- 
netic field drawn on the perspective view of the second 
stator 19, and half the stator only is shown because the 
distribution of the magnetic field is symmetrical in the 
second stator 19. 

As can be seen from FIG. 6, the magnetic flux gen- 
erated by the coil 3 makes a loop by passing through the 
internal cylinder portion 19g, the internal and external 
cylinder junction portion 19j, the external cylinder por- 
tion 19f, and the external magnetic pole 19a, the clear- 
ance surrounding the magnet 1, and the internal 
magnetic pole 19c and then reaching the internal cylin- 
der portion 19g. Part of the magnetic flux crossing the 
magnet 1 of the rotor contributes to generating torque. 

As can be seen from FIG. 7, the magnetic flux gen- 
erated by the coil 3 flows through the internal cylinder 
portion 19g, the internal and external cylinder junction 
portion 19j, and the external cylinder portion 19f of the 
second stator 19, and part of the magnetic flux flows 
from the external cylinder portion 19f to the internal cyl- 
inder portion 19g through the coil 3. As can be seen 
from FIG. 8, part of the magnetic flux flowing from the 
internal cylinder portion 19g to the external cylinder por- 
tion 19f via the internal and external cylinder junction 
portion 19j joins the magnetic flux flowing through the 
external cylinder portion 19f shown in FIG. 6, and the 
summed magnetic flux reaches the external magnetic 
pole 19a, contributing to the rotation of the rotor. 

The magnetic fluxes flowing through the second 
stator 19 in this way are subject to magnetic saturation 
at the internal magnetic pole 19c and internal cylinder 
portion 19g because of their small cross-sectional areas 
in the magnetic path. Magnetic saturation is alleviated 
by employing a magnetically soft material such as mag- 
netic SUS series steel or iron for the rotor shaft 7. The 
rotor shaft 7 functions as a bypass for the magnetic path 
of the internal magnetic pole 19c and internal cylinder 
portion 19g. As a result, the magnetic resistance of the 
entire magnetic path decreases, and the magnetic flux 
crossing the magnet 1 shown in FIG. 6 increases, 
heightening the torque of the motor. 

Fully controlling magnetic saturation is impossible 
because a clearance is inevitable between the internal 
magnetic pole 19c and internal cylinder portion 19g and 
the rotor shaft 7, and because the cross-sectional area 
of the rotor shaft 7 needs to be small for miniaturization. 

To improve the rotational characteristics of the 
rotor, the utilization of the magnetic flux needs to be 
high. For a high magnetic flux utilization, the magnetic 
flux flowing through the internal magnetic pole 19c, the 
internal cylinder portion 19g, and rotor shaft 7 must 
cross the magnet 1 as much as possible. To this end, 
the position of the external cylinder end portion 19h is 
arranged to be close to the internal and external cylin- 
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der junction portion 19j. 

The magnetic flux crossing the coil 3 shown in FIG. 
7 (this magnetic flux contributes nothing to the rotation 
of the rotor because it does not cross the magnet 1} is 
decreased by arranging the external cylinder end por- s 
tion 19h close to the internal and external cylinder junc- 
tion portion 19j and thereby by decreasing the teeing 
area between the external cylinder portion 19f and the 
internal cylinder portion 19g. The magnetic saturation at 
the internal magnetic pole 19c and internal cylinder por- 
tion 19g is thus alleviated. This arrangement increases 
the magnetic flux flowing through the internal cylinder 
portion 19g, the internal and external cylinder junction 
portion 19j, the external cylinder portion 19f, and the 
external magnetic pole 19a, the clearance surrounding 
the magnet 1 and the internal magnetic pole 19c and 
then reaching the internal cylinder portion 19g. Part of 
the magnetic flux crossing the magnet 1 thus increases. 
With this arrangement, the inductance of the coil 
remains unchanged, and torque in a high rotational 
speed region increases. 

By arranging the position of the external cylinder 
end portion 19h dose to the internal and external cylin- 
der junction portion 19j, the magnetic flux flowing 
through the internal magnetic pole 19c and internal cyl- 
inder portion 19g decreases. With the rotor shaft 7 con- 
structed of a magnetically soft material, the magnetic 
saturation in this area is substantially reduced. The 
torque characteristic is thus improved even further. 

FIGS. 9 through 1 1 show the results of a numerical 
simulation about the relationship between the position 
of the external cylinder end portion 19h and torque. FIG. 
9 is a sectional view of the motor showing the position of 
the external cylinder end portion 19h. Referring to FIG. 
1 0, the torque changes when the position of the external 
cylinder end portion or base 19h is changed from the 
vicinity of the internal and external cylinder junction por- 
tion 19j (8c in FIG. 9) to the center of the coil to the end 
of the coil. The distance between the internal and exter- 
nal cylinder junction portion 19j and the end of the exter- 
nal magnetic pole 19a is a fixed distance. 

FIG. 10 graphically shows the relationship between 
the position of the external cylinder end portion 19h and 
the torque of the motor in a low speed rotation. As can 
be seen from FIG. 10, torque increases as the external 
cylinder end portion 1 9h comes close to the internal and 
external junction portion 1 9j from the end of the external 
magnetic pole 19a (the side of the magnet 1). The rate 
of increase of torque is more noticeable when the exter- 
nal cylinder end portion 19h is between the magnet 1 
and the center of the coil. The rate of increase is smaller 
when the external cylinder end portion 19h is positioned 
between the center of the coil and the internal and 
external junction portion 19j. This is because the mag- 
netic flux crossing the second stator 1 9 tends to make a 
loop around the coil 3 with scarce magnetic flux cross- 
ing the coil 3, particularly in the area extending from the 
center of the coil 3 to the internal and external junction 



portion 19j of the coil 3 as shown in FIG. 7. 

FIG. 11 is a graph showing the relationship 
between the number of revolutions per minute and the 
torque of the motor when the external cylinder end por- 
tion 1 9h is placed at positions of 8a and 8c in FIG. 9. As 
understood from the above-described reason and from 
FIG. 11, an increased torque results not only in a low- 
speed region but also in a high-speed region by placing 
the external cylinder end portion 19h close to the inter- 
nal and external junction portion 19j. 

From the above discussion, it is understood that the 
external cylinder end portion 19h is preferably arranged 
to be close to the internal and external junction portion 
19j. In practice, an external cylinder end portion 19h 
close to the internal and external junction portion 19h 
lowers the mechanical strength of the second stator 19, 
adversely affecting the robustness and reliability of the 
entire motor. In addition, the external cylinder end por- 
tion 19h arranged to be close to the internal and exter- 
nal junction portion 19j permits virtually no portion for 
supporting the external magnetic poles 19a and 19b, 
making the motor susceptible to a mechanical shock. 
Although the axially coextensive length of the external 
magnet poles 19a and 19b with the magnet 1 is an 
important factor for obtaining a reliable torque, the 
absence of a portion for supporting the external mag- 
netic poles 19a and 19b conversely varies the axially 
coextensive length. As a result, the output of the motor 
becomes unstable. With the external cylinder end por- 
tion or base 19h placed in the middle between the coil 
center and the internal and external junction portion 19j, 
both torque and mechanical strength requirements are 
satisfied at the same time. 

In the above discussion, the position of the external 
cylinder end portion 19h is preferably close to the inter- 
nal and external junction portion 19/. More exactly, the 
external cylinder end portion 19h is preferably arranged 
to be close to the outer end of the coil 3 near the internal 
and external junction portion 19j (in the above embodi- 
ment the outer end of the coil 3 and the internal and 
external junction portion 19j are at the same position). 

As understood from the above discussion, chang- 
ing the position of the external cylinder end portion 19h 
means defining the facing area between the inner cir- 
cumference of the external cylinder portion 19f and the 
outer circumference of the coil 3. Hie magnetic flux 
crossing the coil 3 shown in FIG. 7 is controlled by 
reducing the facing area between the inner circumfer- 
ence of the external cylinder portion 19f and the outer 
circumference of the coil 3. By reducing the facing area, 
the torque of the motor is raised. 

More specifically, by making the facing area 
between the inner circumference of the external cylin- 
der portion 19f and the outer circumference of the coil 3 
equal to or smaller than three-fourths the outer circum- 
ference area of the coil 3, a high-power motor results in 
the same way as the external cylinder end portion 19h 
is arranged to be close to the internal and external junc- 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



7 



13 



EP 0 892 484 A1 



14 



tion portion 19j. 

The position of the external cylinder end portion 
19h in the second stator 19 has been discussed. The 
same is true of the position of the external cylinder end 
portion 18h in the first stator 18. An experiment was 
conducted by changing the position of the external cyl- 
inder end portion 19h relative to the internal and exter- 
nal junction portion 19j to confirm the above results 
obtained through numerical simulation. Improvements 
in torque characteristics shown in the numerical simula- 
tion were confirmed in the experiment. 

Referring to FIG. 12, a second embodiment of the 
present invention is now discussed. 

In the first embodiment, the external cylinder end 
portion 19h is arranged to be as close as possible to the 
internal and external junction portion 19j to increase the 
torque of the motor. As understood from the magnetic 
field distribution map shown in FIG. 8, part of the exter- 
nal cylinder portion 19f serves as the magnetic path 
running from the internal and external junction portion 
19j to the external magnetic pole 19a. 

In the second embodiment, the external cylinder 
portion 19f is cut to remove its portion through which 
magnetic flux flows less to the external magnetic pole 
19a as shown in FIG. 8. Specifically; the external mag- 
netic pole 19a widens its width dimension across as it 
runs toward the internal and external junction portion 
19j. With this arrangement, the magnetic flux crossing 
the coil 3 from the external cylinder portion 19f to the 
internal cylinder portion 19g is restricted, and a mag- 
netic path that efficiently allows the magnetic flux to flow 
from the internal and external junction portion 19j to the 
external magnetic pole 19a is formed. The external 
magnetic poles 19a and 19b support themselves with 
their wider portions, assuring a sufficient mechanical 
strength. A high-power torque motor thus results. 

As described above, the motor of the present inven- 
tion comprises the cylindrical magnet divided into n 
regions circularly around at least the outer circumfer- 
ence of the magnet that are magnetized in alternate 
polarities, and the first coil and the second coil are 
arranged in the axial direction of the magnet with the 
magnet interposed between the first coil and the second 
coil. The first external magnetic poles and first internal 
magnetic poles, excited by the first coil, face respec- 
tively the external circumference and internal circumfer- 
ence of the rotor at one end of the rotor. The second 
external magnetic poles and second internal magnetic 
poles, excited by the second coil, face respectively the 
external circumference and internal circumference of 
the rotor at the other end of the rotor. The area of the 
first external magnetic poles facing the outer circumfer- 
ence of the first coil is equal to or smaller than three- 
fourths of the area of the outer circumferential surface of 
the first coil. The area of the second external magnetic 
poles facing the outer circumference of the second coil 
is equal to or smaller than three-fourths of the area of 
the outer circumferential surface of the second coil. With 



this arrangement, out of the magnetic flux generated by 
the coil, magnetic flux that makes a loop without reach- 
ing the external magnetic poles is reduced while mag- 
netic flux that flows from the external magnetic poles, 
5 crossing the magnet and reaching the internal magnetic 
poles, is increased. The torque of the motor is thus 
increased. 

By constructing the rotor shaft of a magnetically 
soft material, magnetic saturation in the internal mag- 
10 netic poles is alleviated and a great deal of magnetic 
flux is permitted to flow to the internal magnetic poles. 
With this arrangement, the magnetic flux crossing the 
magnet as the rotor increases, raising the torque of the 
motor. 

w By widening the widths of the first external mag- 
netic poles and the second external magnetic poles as 
they run toward their base portions, the magnetic resist- 
ance, which the magnetic flux generated by the coils 
and reaching the magnetic poles suffers, is reduced. A 

20 great deal of magnetic flux thus flows to the magnetic 
poles. The magnetic flux crossing the magnet as the 
rotor increases, raising the torque of the motor. 

Claims 

25 

1. An electric motor comprising a magnet (1) consti- 
tuting a rotor, a first coil (2), a second coil (3), a first 
magnetic pole (18) excited by said first coil (2) and 
a second magnetic pole (1 9) excited by said second 
30 coil (3); 

wherein said magnet (1) has a cylindrical 
shape and is divided into n regions circularly 
around at least an outer circumference of said 
35 magnet (1) that are magnetized in alternate 

polarities; 

said first coil (2), said magnet (1), and said sec- 
ond coil (3) are arranged in the axial direction 
of said magnet (1); 

40 said first magnetic pole (18) excited by said first 

coil (2) has first external magnetic poles (18a 
and 18b) and first internal magnetic poles (18c 
and 18d), wherein said first external magnetic 
poles (1 8a and 1 8b) and said first internal mag- 

45 netic poles (18c and 18d) face the outer cir- 

cumference and the inner circumference of 
said magnet (1) at one side of said magnet (1), 
respectively, and wherein the area of said first 
external magnetic poles (18a and 18b) facing 

so the outer circumference of said first coil (2) is 

equal to or smaller than three-fourths of the 
area of the outer circumferential surface of said 
first coil (2); and 

said second magnetic pole (19) excited by said 
55 second coil (3) has second external magnetic 

poles (19a and 19b) and second internal mag- 
netic poles (19c and 19d), wherein said second 
external magnetic poles (19a and 19b) and 
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said second internal magnetic poles (19c and ence of said magnet (1). 

19d) face the outer circumference and the inner 
circumference of said magnet (1) at the other 
side of said magnet (1), respectively, and 
wherein the area of said second external mag- s 
netic poles (19a and 19b) facing the outer cir- 
cumference of said second coil (3) is equal to 
or smaller than three-fourths of the area of the 
outer circumferential surface of said second 
coil (3). io 



2. An electric motor according to Claim 1, wherein a 
base portion of said first external magnetic poles 
(18a and 18b) is positioned between the center of 
said first coil (2) and the end of said first coil (2) is 
opposite to said magnet (1) in the axial direction of 
said magnet and wherein a base portion of said 
second external magnetic poles (19a and 19b) is 
positioned between the center of said second coil 
(3) and the end of said second coil (3) opposite to 20 
said magnet (1) in the axial direction of said magnet 

(1). 



3. An electric motor according to Claim 1, wherein 
said magnet (1) and a rotating shaft (7) constitute a zs 
rotor and wherein said rotating shaft (7) is made of 
a magnetically soft material. 



4. An electric motor according to Claim 1 , wherein the 
widths of said first external magnetic poles (18a 30 
and 18b) and said second external magnetic poles 
(19a and 19b) are widened as said first external 
magnetic poles (18a and 18b) and said second 
external magnetic poles (19a and 19b) run toward 
the base portions thereof. 35 



5. An electric motor according to Claim 1, wherein 
said first magnetic pole (18) as a first stator is inte- 
grally formed of said first external magnetic poles 
(1 8a and 1 8b) and said first internal magnetic poles 40 
(18c and 18d) and wherein said second magnetic 
pole (19) as a second stator is integrally formed of 
said second external magnetic poles (19a and 19b) 
and said second internal magnetic poles (19c and 

19d). 45 



6. An electric motor according to Claim 1, wherein a 
cylindrical linking member (20) connects said first 
external magnetic poles (18a and 18b) to said sec- 
ond external magnetic poles (1 9a and 1 9b). so 

7. An electric motor according to Claim 1, wherein 
said magnet (1) is divided into n regions circularly 
around an inner circumference of said magnet (1) 
that are magnetized in alternate polarities and ss 
wherein each region on the inner circumference is 
magnetized in a polarity opposite to the polarity of 
the corresponding region on the outer circumfer- 
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